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Hybrid halide perovskites are now considered as key materials for contemporary research in pho-
tovoltaics and nanophotonics. In particular, because these materials can be solution processed, they
represent a great hope for obtaining low cost devices. While the potential of 2D layered hybrid
perovskites for polaritonic devices operating at room temperature has been demonstrated in the
past, the potential of the 3D perovskites has been much less explored for this particular application.
Here, we report the strong exciton-photon coupling with 3D bromide hybrid perovskite. Cavity
polaritons are experimentallly demonstrated from both reflectivity and photoluminescence experi-
ments, at room temperature, in a 3λ/2 planar microcavity containing a large surface spin-coated
CH3NH3PbBr3 thin film. A microcavity quality factor of 92 was found and a large Rabi splitting of
70 meV was measured. This result paves the way to low-cost polaritonic devices operating at room
temperature, potentially electrically injectable as 3D hybrid perovskites present good transport
properties.
Cavity polaritons are half-light half-matter quasi-
particles arising from the strong coupling regime
between excitonic and photonic modes [1]. Such regime
is achieved when the coupling strength, related to
the oscillator strength quantifying the light-matter
interaction in a material, is larger than the dissipation
rates of uncoupled excitons and cavity photons. Thanks
to its hybrid nature, cavity polaritons inherit the best
features of both the excitonic and photonic component:
strongly nonlinear bosonic particles which can propagate
balistically over macroscopic distance, and can be
injected/probed via optical means. These fascinating
properties suggest not only a playground for studying
physics of out of equilibrium Bose Einstein condensation,
but also a potential platform for all-optical devices. In
the later direction, many proof-of-concepts of polaritonic
devices have been reported: polaritonic lasers [2],
polariton transistors [3], resonant tunnelling diodes [4],
interferometer [5], optical gates [3], and optical router
[6]. Most of these demonstrations are in GaAs-based
system the most accomplished technologies to engineer
cavity polaritons. However, due to the small excitonic
effects and oscillator strength in GaAs, their operating
regime is limited to cryogenic temperature. For this
reason, materials presenting strong excitonic effects at
room temperature, such as the high band gap materials
GaN [7, 8] or ZnO [9, 10] are actively studied. However,
the achievement of inorganic semiconductor engineered
confined microstructures need sophisticated and high
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temperature epitaxial techniques. Looking for low-cost
solutions, soft chemistry and low temperature processed
materials presenting strong excitonic effects were also
considered. The strong coupling regime at room tem-
perature has been demonstrated in planar microcavities
containing organic materials [11–14] or organic-inorganic
halide perovskites such as (C6H5C2H4NH3)2PbI4 [15–20],
taking advantage of very stable excitons and strong
oscillator strengths. Nevertheless, the poor transport
properties of these materials reveals as a major drawback
for the electrical injection of polariton-based emitting
devices. Most recently, monolayers of transitional metal
dichalcogenides has joined the list of materials for room
temperature polaritons thanks to prominent excitonic
features [21, 22]. However, the fragility of these 2D ma-
terials prevents their use in large scale applications. As
consequence, the quest for an ideal candidate for room
temperature polaritons is still opened: a homogeneous
large surface thin film material, for such devices are
multi-layered structures, with good transport mobilities
for electrical injection, stable Wannier excitons at room
temperature, large exciton oscillator strength and a
low-cost method for synthesis, deposition and patterning
into microstructures.
Among the organic-inorganic halide perovskites, the
ones having the basic chemical formula CH3NH3PbX3,
named 3D perovskites, where X is a halogen atom
(I, Br or Cl or a mixing of these atoms) has emerged
recently, first in the framework of photovoltaics [23]
and then in the framework of emitting devices such as
electroluminescent diodes [24–26] and lasers [27–30].
In these materials, the carriers can move along the 3
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2FIG. 1. MAPB-based microcavity structure and its characterization. a) MAPB crystal structure b) Absorption and Photolu-
minescence (PL) on the MAPB thin film. c) Sketch of the microcavity. d) Profilometry scan of the MAPB/PMMA layer before
the silver deposition d) Spatial map of the microcavity detuning variation due to the MAPB/PMMA roughness measured with
a µ-PL setup.
directions of the space, with a relatively good mobility
of the order of 10 cm2.V −1.S−1 [31, 32] which could
be favourable for the electrical injection of polaritonic
devices. The stability of the excitonic properties at room
temperature depends on the nature of the halogen atom.
In the iodide perovskite CH3NH3PbI3, the consensus is
now that the free carriers are predominantly formed by
photo-excitation at room temperature, which explains
the high Power Conversion Efficiencies of the solar cells
[33–35], but prevents to observe the strong coupling
regime. Changing the atom I by Br or Cl, more stable
excitons can be obtained. Large exciton binding energy
values from 41 to 75 meV, larger than kBT at room
temperature, are found for chloride based perovskites
[30, 36–39] and in fact the strong coupling regime at
room temperature could be seen very recently in CsP-
bCl3 large nanoplatelets of micrometric size [40]. Various
values from 15 to 110 meV can be found in the literature
for bromide based perovskites [29, 36, 37, 41–49], and
to the best of our knowledge, strong coupling has been
obtained only in confined structures such as CsPbBr3
nanowires [50, 51] or CH3NH3PbBr3 nanowires [52], in
which the exciton binding energy is strengthened by
confinement effects.
In this letter, we report for the first time the strong
exciton-photon coupling regime, at room temperature,
in a planar microcavity containing a large surface of
spin-coated CH3NH3PbBr3 thin film as active material.
Such experimental demonstration has multifold signifi-
cation. From a material point of view, the observation of
cavity polaritons is coherent with a dominant excitonic
regime in bromide 3D perovskite at room temperature.
Moreover, from application point of view, this result
opens the door towards low cost room temperature
polaritonic devices which can be electrically injected.
Our sample consists of a perovskite CH3NH3PbBr3
layer, called hereafter MAPB, which is embedded in a
3λ/2 Pe´rot-Fabry microcavity (see Figure 1c ). The
bottom mirror is a half an inch commercial dielectric
mirror (LayerTec Corp.), centred at 2.4 eV at 8◦ of
incidence, whose reflectivity at 2.4 eV is 97.74% and
whose stop band extends from 2.1 eV to 2.78 eV. A
100 nm thick layer of MAPB perovskite, whose crystal
structure is shown in Figure 1a, is deposited directly
on top of this dielectric mirror. We have optimized the
crystallinity of the thin film, using a 2 step method
inspired by Cadelano et al. [53]: a thin film of PbBr2 is
spin-coated on top of the dielectric mirror and is later
immersed in a CH3NH3Br solution, the reaction between
the two species forms the perovskite thin film. The
absorption and photoluminescence (PL) spectra of this
thin layer of MAPB is shown in Figure 1b: the exciton
energy lies at 2.35 eV in the absorption spectrum. Then
a 350 nm thick PMMA (Poly(methyl)methacrylate) thin
film is deposited by spin-coating as a spacer layer to
tune the cavity photon mode close to the exciton energy.
Finally, the top mirror of the microcavity is produced
by thermal evaporation of a 30 nm silver layer directly
on the PMMA layer. More details on the microcavity
fabrication method is given in Supplementary section 1.
Surface profilometry measurements performed on
the MAPB/PMMA layer before the silver deposition
(Figure 1d) show a total average thickness of 450 nm
with around 30 nm of roughness and grains of 25 to 50
3FIG. 2. Angle resolved photoluminescence and reflectivity (ARPL and ARR) by Fourier spectroscopy. a) Sketch of the Fourier
spectroscopy set-up. b) c) and d) ARPL and ARR of the microcavity at three different detuning: b) δ= -24 meV , c)- 71 meV
, d) - 92 meV.
µm of width. To confirm the cavity length variation
measured by profilometry, spatial resolved photolumi-
nescence (PL) of the microcavity is performed using
a µ-PL set-up with a femtosecond pulsed laser (100fs,
80 MHz, 405 nm) excitation. The cavity detuning is
defined by δ = E0−EX , with E0 the cavity mode energy
at normal incidence and EX = 2.35 eV the exciton
energy (from the absorption spectrum in Figure 1b).
Figure 1e presents the mapping of δ over 100x100µm2,
showing domains of constant detuning of size of 20-50
µm grain. The agreement between profilometry and PL
measurement provides a very good estimation of the
inhomogeneous broadening of our microcavity.
Angle resolved reflectivity and photoluminescence
(ARR and ARPL) are performed with a Fourier spec-
troscopy set-up imaging the photoluminescence in the
momentum-space (Figure 2a). The microcavity is
excited by a white light (Halogen lamp) with a spot-size
of 10 µm2 for ARR experiment, and by a picosecond
pulsed laser (50ps, 80 MHz, 405nm), with a spot-size
of 1 µm2 for ARPL measurements. We note that in
both experiment, the spot-size is small enough to probe
the cavity characteristics with no inhomogeneous effect
caused by the roughness. Figure 2 b, c and d show
the angle-resolved reflectivity (ARR, left panel) and
angle-resolved photoluminescence (ARPL, right panel)
maps for three different detunings of the microcavity:
δ = -24 meV, - 71 meV, - 92 meV when probing on
different positions of the sample.
We will first discuss the experimental results obtained
from ARR measurements. Two dispersion branches can
be seen in the reflectivity parts of each image. The energy
position, intensity and linewidth of the two branches are
angle dependent. Most importantly, a clear anti-crossing
between these two branches is observed, which is the
signature of a strong-coupling regime between the ex-
citon mode and the photon mode. These two dispersion
branches, called upper polariton branch (UPB) and lower
polariton branch (LPB) can be calculated from the bare
cavity and bare exciton dispersion by using a standard
4FIG. 3. Analysis of the ARR results a) Slices of the reflectivity maps at different angles fitted with two lorentzian functions.
Yellow lines are guides for the eyes. b) Reflectivity dispersions fitted with the two level model (solid lines). Dotted lines
correspond to the dispersion of the bare photon (red) and excitonic (blue) modes c) Photonic (red line) and excitonic (blue
line) weights of the lower energy polariton as a function of the angle at the three different cavity detunings.
two-level model of Hamiltonian given by:
H =
(
Eph(θ)− iγph V
V EX − iγX
)
(1)
where Eph(θ) and EX are energies of the photonic
mode and excitonic mode; V is the exciton-photon cou-
pling strength; γph is the cavity linewidth, related to its
quality factor, and γX is the exciton linewidth. Apart
from the energy of the photonic mode, all other parame-
ters are considered independent of θ (the excitonic disper-
sion is considered flat since the excitonic mass is much
larger than the photonic mass). The dispersion of the
photonic mode Eph is given by [54]:
Eph(θ) =
EX + δ√
1− sin2(θ)
n2eff
(2)
where neff is the effective refractive index of the
entire cavity.
The resolution of the two-level model results to two
eigenstates, coherent superposition of the excitonic and
photonic modes with the following eigenvalues:
EUPB,LPB(θ) =
1
2
[Eph(θ) + EX − i(γph + γX)] (3)
±
√
V 2 +
1
4
[EX − Eph(θ) + i(γph − γX)]2
where the real parts of E(UPB,LPB) correspond
respectively to the UPB and LPB energies, and the
imaginary parts correspond to their linewidths. In order
to estimate precisely the photonic and excitonic param-
eters, reflectivity spectrum of each angle (i.e. slices of
the reflectivity maps) is fitted with a double lorentzian
function (see Figure 3a). The peak positions of each
angle are reported in Figure 3b in a dispersion diagram
and fitted with the real part of eq 3 where δ, neff , EX ,
V, γph and γX are let as free parameters. As shown
in Figure 3b, the experimental data of three different
detunings is reproduced perfectly by the two-level model
with the same set of parameters: neff =1.7, EX =2.355
eV, V= 50 meV, γph =25 meV and γX= 90 meV. The
value obtained for EX is in agreement with the energy
position of the perovskite absorption peak (Figure 3b)
and the one reported in the literature [41–43, 45, 46].
The value of neff is very close to the cavity effective
refractive index of 1.742 (see Supplementary Section 3).
The Rabi splitting is found to be 70 meV, which is higher
than the mean value of the cavity and exciton linewidths
(ΩRabi > 1/2(γph + γX)), necessary condition to observe
the strong coupling. Figure 3c shows the calculation
of the photonic weights |C|2 and the excitonic weights
|X|2 of the LPB in function of the angle for the three
different cavity detunings. We note that the hybrid
nature of the UPB and LPB varies from a photonic-like
behaviour to an exciton-like behaviour in function of
the spectral distance between the cavity mode and the
exciton energy: i) far from the anticrossing point, the
hybridization is unbalanced and the LPB (UPB) is
either mostly photonic(excitonic) or excitonic(photonic)
ii) the hybridization becomes more balanced when
5FIG. 4. Analysis of the ARPL results. Photoluminescence
linewidth in function of the emission angle, plotted here as a
function of the difference between the exciton and emission
energies (ELP − EX) in the case of the cavity detuning δ =
-92 meV.
getting closer to the anticrossing point where photons
and excitons are mixed equally.
In the following, we will discuss the ARPL results
reported in Figure 2. Emission from the LPB is clearly
observed and in good agreement with ARR measure-
ments and the analytical fitting. Typical to polaritonic
system at room temperature with high bandgap mate-
rials [55–58], the PL of the UPB is not observed. Note
that for the large detuning δ = -92 meV, the emission
accumulates next to the inflexion point of the LPB
at around 20◦, possibly due to the bottleneck effect
[58, 59]. As it is often the case in systems presenting
a large Rabi splitting (in GaN and ZnO for example
[60]) the curve inflexion of the LPB, characteristic of
the polaritonic emission, cannot be observed in the
experimental photoluminescence.
In order to bring further evidence of the strong cou-
pling regime from ARPL, the study of the PL dispersion
linewidth has been made Indeed, from eq.3, the linewidth
of the LPB is given by:
γLPB = |C|2γph + |X|2γX (4)
thus the linewidth of LPB will provide an important
information about the hybrid nature of this state. Figure
4 shows the PL linewidth of the LPB, in the case of
the cavity detuning δ = -92 meV, in function of the
difference between the exciton and emission energies
(ELPB−EX), which varies with the emission angle as the
emission energy varies with the angle. The experimental
data is perfectly fitted with the same parameters of the
values obtained from the ARR: γX=91 meV and γph=25
meV, giving the cavity quality factor to be 92. Most
importantly, while scanning ELPB − EX , the polariton
linewidth varies continuously from the excitonic to the
photonic linewidth, strongly confirms the hybrid nature
half-matter/half-light of cavity polaritons.
In conclusion, we have demonstrated in both re-
flectivity and photoluminescence experiments a strong
coupling regime in a CH3NH3PbBr3 large surface
spin-coated thin film-based 3λ/2 microcavity at room
temperature. The microcavity quality factor was found
to be around 92 and the measured Rabi splitting ΩRabi
was 70 meV. Firstly, our observation of the strong
coupling regime is coherent with a dominant excitonic
regime in CH3NH3PbBr3 at room temperature, in good
agreement with the most recent paper about this topic
[49]. Secondly, this result is particularly important
because it indicates that it is possible to obtain the
strong coupling regime in solution-processed films of
3D perovskite. The versatility of the solution processed
fabrication techniques, make them very attractive
for integrable devices, because they are low cost and
low temperature technologies, allowing to have large
surfaces. This strong coupling regime gives then hope
towards 3D hybrid perovskite-based low cost polaritonic
devices, such as low threshold polariton lasers operating
at room-temperature by electrical injection due to the
good electronic mobility properties of these perovskites.
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